studies put the excess mortality of widowhood (compared with marriage) among the elderly between 30% and 90% in the first 3 months and around 15% in the months thereafter. 1, [6] [7] [8] These estimates are comparable across various statistical methodologies, including multivariate models that statistically control for a wide range of confounding factors, 1, 6, 8, 9 prompting increasing confidence in a causal basis of the widowhood effect. 6, 8, 10, 11 Most previous studies on the widowhood effect, however, have focused on overall (i.e., all-cause) mortality. By comparison, much less is known about the link between widowhood and specific causes of death. Cause specificity in the widowhood effect can be traced in 2 ways: by the cause of death of the predecedent spouse and by the cause of death of the bereaved partner. Research on either dimension of cause specificity is scarce, particularly research that accounts for the cause of death of the predecedent spouse. This is regrettable as cause specificity of the widowhood effect may help illuminate the specific mechanisms by which the death of a spouse increases the mortality of the survivor and may thus help identify opportunities for health interventions.
Previous work in this area, often using a narrow list of disease categories, has yielded mixed results. For example, whereas several large studies have found that spousal bereavement is associated with increased death from cancer, [12] [13] [14] several other studies 4, 7, [15] [16] [17] [18] [19] including the only 2 longitudinal studies that consider multiple causes of death in the United States 4, 7 -found evidence that was not statistically significant or was inconsistent for increased cancer mortality after widowhood, after adjusting for covariates.
To address this deficit in knowledge, our study investigated variation in the widowhood effect by the causes of death of both spouses using a detailed list of causes of death from a large, longitudinal, and nationally representative sample of elderly married couples. Specifically, we analyzed 2 questions. First, does the death of a predecedent spouse (from any cause) affect the bereaved partner's risk of dying from certain causes more than it affects his or her risk of dying from certain other causes? Second, does the bereaved partner's all-cause mortality depend on the specific cause of death of the predecedent spouse? We analyzed these questions separately for men and women and offer interpretations linking our results to the possible mechanisms underlying the relationship between widowhood and mortality.
METHODS

Data
We developed a very large longitudinal sample of elderly married couples in the United States from Medicare databases (available from the Centers for Medicare and Medicaid Services upon application). 20, 21 Married couples in the 1993 Medicare Denominator file, which contains 96% of all elderly Americans, 22 were identified by following previously published identification procedures. 23 To satisfy computer processor constraints, we drew an 8% simple random sample from the pool of all identified married couples, which we further restricted to couples in which both spouses were White or both were Black; aged 67 to 98 years at baseline (January 1, 1993); not enrolled in a health maintenance organization; lived in the 50 states or Washington, DC; and shared the same zip code (to exclude married but separated couples). The final sample contained 373189 married couples or 746 378 men and women. Table 1 compares this Medicarebased sample of elderly married couples to elderly married couples in the 5% Public Use Micro Sample of the 1990 US Census (using corresponding sample restrictions). 24 This comparison demonstrates close agreement between our sample and the census with respect to spouses' age, poverty status, race, and region of residence (all variables common to both data sets). Follow-up extends over 9 years (January 1, 1993, to January 1, 2002).
Objectives. We investigated the effect of spousal bereavement on mortality to document cause-specific bereavement effects by the causes of death of both the predecedent spouse and the bereaved partner.
Methods. We obtained data from a nationally representative cohort of 373 189 elderly married couples in the United States who were followed from 1993 to 2002. We used competing risk and Cox models in our analyses.
Results. For both men and women, the death of a predecedent spouse from almost all causes, including various cancers, infections, and cardiovascular diseases, increased the all-cause mortality of the bereaved partner to varying degrees. Moreover, the death of a predecedent spouse from any cause increased the survivor's cause-specific mortality for almost all causes, including cancers, infections, and cardiovascular diseases, to varying degrees.
Conclusions. The effect of widowhood on mortality varies substantially by the causes of death of both spouses, suggesting that the widowhood effect is not restricted to one aspect of human biology. Future research should examine the specific mechanisms of the widowhood effect and identify opportunities for health in- 
Measures
Death and widowhood. The Medicare Vital Status file provided exact death dates for all individuals in the sample who died during the study period. From these death dates, we derived the outcome (time to death since January 1, 1993) and the key independent variable (widowhood). Survival times for surviving sample members were censored at the end of follow-up on January 1, 2002. During the 9 years of follow-up, 52.3% of the husbands and 32.7% of the wives in this sample died.
Cause of death. Medicare records do not contain death certificates, but they do contain prospectively collected diagnostic histories for all individuals up to their date of death. We adapted an algorithm described by the Medicare Payment Advisory Commission to derive causes of death from the complete set of inpatient and outpatient diagnostic records during the last 2 years of decedents' lives. 25 We designed this algorithm to identify the underlying health condition most likely to have killed the decedent. For example, we assigned a cause of death of lung cancer to an individual with no previous conditions who was hospitalized with a diagnosis of lung cancer 3 months before death even if the individual later sought outpatient treatment for an eye infection. By doing this, 48.2% of assigned causes of death coincided with the primary diagnosis of decedents' hospital record on the day of their death because most patients in the United States are hospitalized at the time of their death. We grouped causes of death into 16 categories according to designations in the International Classification of Diseases, Ninth Revision.
26 Decedents who did not have hospital or outpatient records in the 2 years before death were assigned the category ''cause unknown'' (8.1%; as a 17th ''cause''). Table 2 shows the distribution of causes of death for decedent husbands and wives; this distribution bears a satisfactory overall resemblance to the distribution of causes of death in elderly decedents as reported by the Centers for Disease Control and Prevention. 27 Covariates. The analysis adjusted for numerous medical, social, and contextual covariates that may confound the relation between widowhood and mortality. All covariates were measured at or before baseline (January 1, 1993). Importantly, we adjusted for the characteristics of both members of the couple. On the individual level, we adjusted for the age and race (Black or White) of both spouses. 8, 28, 29 We constructed a couple-level poverty indicator from spouses' dual Medicare-Medicaid eligibility. 30 We extracted detailed health histories from the 31 We trichotomized this measure of disease burden into low, moderate, and severe (Charlson scores of 0, 1, and 2 or higher, respectively). 32 We further adjusted for the number of days each spouse had spent in the hospital in 1991 and in 1992. We also adjusted for couples' census division of residence as well as detailed measures of residential context: At the county level, we adjusted for population density, violent crime rate, and the availability of medical care as reported in the Area Resource File. 33 At the zip code level, we adjusted for urbanization, demographic composition (age, race, foreign birth, language spoken), male unemployment rates, median home value, log median income, and median education, all drawn from the 1990 Census Summary Tape File 3B. 34 
Statistical Methods
We present 2 analyses, each estimated separately for men and women. We refer to the focal individual whose mortality risk during bereavement was being assessedwhether a husband or a wife-as the ''partner'' of the predecedent spouse. For readability, we suppress individual-level subscripts i. partitions partners' hazard of dying from specific cause c at time t, h c (t ), into the product of a cause-specific baseline hazard that varies freely with time, h 0,c (t ), and a function of the vector of explanatory variables, such that changes in the explanatory variables induce proportional shifts in the baseline hazard. The model contains a timevarying widowhood indicator, W(t ), which switches from 0 to 1 on the day of the spouse's death, and a time-invariant vector of baseline covariates, X. We allowed the impact of each variable on partners' causespecific hazard of death to vary freely across partners' potential causes of death. Thus, the key parameter of interest, b 2,c , gives the impact of widowhood on a partner's hazard of dying from cause c, after adjusting for covariates, X. Under the assumption that the cause-specific hazards of death are independent given observed covariates, the model likelihood partitions into c components, which each depend only on parameters relating to one specific cause. We can then estimate equation 1 as a series of c independent cause-specific Cox models, where survival times in each cause-specific model are censored if partners die of a different cause first.
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In the second analysis, we used standard continuous-time Cox models to estimate the impact of the spouse's death from a specific cause on the partner's overall hazard of death. Here, however, we entered not 1 overall indicator of widowhood but a vector of 17 separate, cause-specific widowhood indicators, W c (t ), 1 for each of the spouse's possible causes of death (with ''spouse alive'' as the reference category). The vector of key parameters of interest, b 2,c , gives the impact of the spouse's death from cause c on the partner's overall hazard of death, after adjusting for covariates, X.
More complicated analyses (not shown) that simultaneously accounted for the full 17 ·17 matrix of potential causes of death in the partners and their spouses did not further illuminate the results of this study. All results are fully adjusted for the covariates listed here. We performed the analyses using Stata version 9.2.
36
RESULTS
Mortality after widowhood is significantly elevated for husbands and wives. The death of a wife is associated with an 18% increase in all-cause mortality for men (hazard ratio [HR] =1.18; 95% confidence interval [CI] = 1.16, 1.19), and the death of a husband is associated with a 16% increase in all-cause mortality for women (HR =1.16; 95% CI =1.14, 1.17), after adjusting for covariates. Figure 1 shows HRs and 95% CIs for the estimated effects of spouse's death (from any cause) on partner's cause-specific hazards of death, after adjusting for covariates. The results of causes for which the confidence interval overlaps with the horizontal line of no effect (HR =1) are not statistically significant at the conventional 5% level. The impact of widowhood differs across partners' 17 possible causes of death, and this difference is statistically significant (P < .01) for both husbands and wives. That is, widowhood does not raise the risk of all causes of death uniformly. We further note that the causespecific widowhood effects for husbands correlate strongly with the corresponding cause-specific widowhood effects for wives (q = 0.77), although men on average tend to suffer somewhat stronger repercussions.
Widowhood Effects by the Causes of Death of Surviving Partners
A wife's death exerts statistically significant effects (P < .05) on men's cause-specific hazards of death for 15 out of 17 causes of death. A wife's death increases men's causespecific hazards of death by more than 20% for 6 causes of death (in decreasing order: chronic obstructive pulmonary disease [COPD], diabetes, accidents or serious fractures, infections or sepsis, all other known causes, and lung cancer) and for unknown causes of death. The effect exceeds 10% for 7 more causes of death (colon cancer, ischemic heart disease, congestive heart failure, nephritis or kidney disease, cerebral vascular accident or stroke, other heart and vascular diseases, and other cancers). The effects of the wife's death on the husband's hazards of death from influenza or pneumonia and Alzheimer's disease or Parkinson's disease are not statistically significant.
A husband's death exerts statistically significant effects on women's cause-specific hazards of death for 15 out of 17 causes of death. The estimated effects exceeded 20% for 4 causes of death (COPD, colon cancer, accidents or serious fractures, and lung cancer) and for unknown causes. The effects exceeded 10% for another 7 causes (other known causes, infections or sepsis, influenza or pneumonia, nephritis or kidney disease, diabetes, other heart or vascular disease, and congestive heart failure). The impact remains statistically significant yet falls below 10% for 3 causes of death (cerebral vascular accident and stroke, ischemic heart disease, and other cancers). We did not find a statistically significant impact of the husband's death on the wife's hazard of death from rapidly fatal cancers or Alzheimer's disease or Parkinson's disease.
For husbands and wives alike, the estimated effect of a spouse's death on dying from Alzheimer's disease or Parkinson's disease is negative: the death of a spouse may reduce the risk of dying from these diseases, but neither effect reaches statistical significance at the conventional 5% level. Figure 2 shows the impact of the predecedent spouse's cause of death on the survivor's all-cause hazard of death, after adjusting for covariates. We note that the impact of widowhood on a partner's all-cause mortality varies considerably according to the cause of death of the predecedent spouse (P < .01) for both husbands and wives. As in the preceding analysis, the profile of effects found for husbands strongly correlates with the profile for wives (q = .72).
Widowhood Effects by the Causes of Death of Predecedent Spouses
The death of a husband or wife is associated with a statistically significant (P < .05) increase in the all-cause mortality of the surviving partner for almost all causes of death of the predecedent spouse.
Men's hazard of death increases by more than 20% if their wives died of lung cancer, infections or sepsis, COPD, other heart or vascular diseases, or diabetes. Men's hazard of death increases by less than 20% if their wives died of any other causes. Only men whose wives died of Alzheimer's disease or Parkinson's disease do not experience a statistically significant increase in mortality.
Women's hazard of death increases by more than 20% after widowhood only for 2 of their predecedent husbands' causes of death: COPD Note. CVA = cerebral vascular accident; COPD = chronic obstructive pulmonary disease. Estimates from Cox models were adjusted for all baseline covariates. There are separate models for husbands and wives. a Cancers of the head, neck, upper gastrointestinal tract, liver, central nervous system, or pancreas and melanoma, lymphoma, and leukemia. and influenza or pneumonia. Women's hazard of death increases by less than 20% in response to their husbands' deaths from all other causes. Only women whose husband died of Alzheimer's disease or Parkinson's disease did not experience a statistically significant increase in their own mortality.
DISCUSSION
To our knowledge, this study is the largest nationally representative and longitudinal study of cause specificity in the widowhood effect in the United States. It is also the first such study to investigate variation in the widowhood effect by the causes of death of both spouses, that is, of the predecedent spouse and the bereaved partner.
We found that the widowhood effect is not monolithic. The extent to which widowhood increases the mortality of a surviving partner depends on the cause of death of their predecedent spouse. Moreover, surviving partners are at greater risk of some causes of death than of others after the death of their spouse. This variation according to the causes of death of both spouses provides some analytic advantage to better understand the nature and mechanism of the widowhood effect. Because more than 13 million Americans are widowed 37 and because the excess risk of mortality imposed by widowhood is nontrivial, this phenomenon is of substantial public health significance. Our work goes beyond previous work in this area in a number of ways. Previous research often considered only a small number of causes of death, such as the broad categories of cancer or violent deaths 15, [38] [39] [40] [41] ; used samples with relatively small numbers of cases for each individual cause of death; used samples that were not nationally representative 4, 36, 37, 40 ; used a cross-sectional methodology 12, 14 ; or did not adjust for confounding factors beyond age, gender, and race. 12, 14, 17, 40, 41 By contrast, in our study, we considered 17 causes of death separately for both spouses in a longitudinal and nationally representative sample of 373189 married couples experiencing a total of 317 300 deaths while adjusting for a wide range of covariates, including baseline health, that were measured for both members of the couple. These Note. CVA = cerebral vascular accident; COPD = chronic obstructive pulmonary disease. Estimates from competing risk models were adjusted for all baseline covariates. There are separate models for husbands and wives. a Cancers of the head, neck, upper gastrointestinal tract, liver, central nervous system, or pancreas and melanoma, lymphoma, and leukemia. detailed, physician-ascertained statistical controls for confounding by health status significantly exceed the health information available to previous cause-specific studies of the widowhood effect.
Our results suggest several observations regarding the effect of widowhood on spouses' cause-specific mortality. First, unlike several, 4, 7, [15] [16] [17] [18] [19] but not all, [12] [13] [14] previous studies, we found a statistically significant effect of widowhood on cancer mortality for the elderly. The impact is particularly large for deaths from colon and lung cancer. It is much smaller (and statistically insignificant for wives) for certain rarer cancers that typically and predictably lead to death quickly (cancer of the head and neck, upper gastrointestinal tract, liver, central nervous system, or pancreas and melanoma, lymphoma, or leukemia), and it is small but still significant for all other cancers. Second, in agreement with most, 12, 13, 16, 17, 42 though not all, 4, 7, 18 previous studies, we found a clear, positive, and statistically significant association between widowhood and partners' mortality from vascular diseases for men and women. The effect is moderately strong and is approximately the same (no statistically significant difference) for all 4 categories of cardiovascular disease (ischemic heart disease, congestive heart failure, cerebral vascular accident or stroke, and other heart or vascular disease). Third, the multifarious effects of widowhood on the different types of cardiovascular disease, cancer, and other causes of death suggest that widowhood triggers a broad set of biopsychosocial mechanisms that affect mortality and that the impact is not limited to 1 aspect of human biology. Widowhood appears to have particularly strong effects on death from causes that are either acute health events (e.g., infections or sepsis, accidents) or chronic diseases that require careful patient management to treat or prevent (e.g., diabetes, COPD, colon cancer). This suggests that the loss of social support and social integration in widowhood may play a role in the origin of the widowhood effect. 43 Many of the observations also apply to the differences in surviving partners' all-cause mortality in response to the specific causes of death of their predecedent spouses. The lack of increased all-cause mortality following spouses' death from Alzheimer's disease or Parkinson's disease confirms a similar finding from a British study that attributed the lack of a widowhood effect to anticipatory grief, that is, the ability of caregivers to prepare adequately for the death of their spouse. 39 The theory of anticipatory grief is also consistent with our finding of similarly small (albeit statistically significant) widowhood effects in the wake of a spouse's death from cancers that typically lead to death quickly. This suggests that it may be the predictability of the death rather than the duration of the spouse's terminal illness that shields the survivor from some of the adverse consequences of bereavement. The lack of a widowhood effect following a spouse's death from Alzheimer's disease or Parkinson's disease, however, is also consistent with an alternative explanation. It is possible that spouses suffering from these diseases simply cease to contribute to their partner's health long before they die. Alternately, it may be that the health consequences of caring for a person with Alzheimer's disease has already been absorbed by the end of the sick spouse's life, such that there is no measurable discontinuity in the survivor's mortality at the actual time of spousal death. 44 Finally, we note that the differences in husbands' all-cause mortality across their predecedent wives' causes of death appear to be somewhat larger than the differences observed for wives. This may indicate that for women it matters most that their husband died, whereas for men it additionally matters what caused their wife's death.
Our analysis has several limitations. First, despite adjusting for a more extensive set of potentially confounding variables than most previous research, including baseline health, there may be some residual unobserved factors that may explain certain features of the reported findings. Specifically, we note that the large impact of widowhood on mortality from COPD and lung cancer in husbands and wives may in part be attributable to shared behaviors, such as smoking, 1,2 and the large impact on death by accidents and fractures may be attributable to incidents involving both spouses. 6, 13, 17 On the other hand, our analysis treats same-day deaths as nonwidowed deaths, which should reduce the sensitivity of our results to confounding from common accidents. Furthermore, if unobserved factors were driving all cause-specific results, we would expect that contagious diseases more generally would be associated with large effects, which is the case for infections and sepsis but not for influenza and pneumonia. Second, we derived causes of death from decedents' diagnostic history rather than from official death certificates. This led to an unavoidable underascertainment of causes that lead to death suddenly or without previous detection. This longitudinal study of 373189 elderly American couples shows that the effect of widowhood on mortality varies substantially by the causes of death of both spouses. We found these results for husbands and wives, even after adjusting for a wide range of potentially confounding factors, including the health of both spouses. Widowhood increases survivors' risk of dying from almost all causes, including cancer, but it increases the risk for some causes more than for others. The converse also holds: widowhood increases survivors' all-cause mortality in response to almost all causes of death of the predecedent spouse, but the actual cause of death of the predecedent spouse makes a difference. The death of a spouse, for whatever reason, is a significant threat to health and poses a substantial risk of death by whatever cause. j set, Andrew Clarkwest for computing US Census statistics, T. Jack Iwashyna for advice on developing the cause of death classifications, and Wyatt Hong, Pekka Martikainen, Peter A. DeWan, Christopher Winship, and Lawrence Wu for helpful discussions.
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